The bioeconomy demands special approaches for attracting youth to science, technology, engineering and mathematics disciplines and cultivating the multidisciplinary skills needed for a future workforce.
T he economic activity derived from biotechnology and bioprocessing, also known as the bioeconomy, represents the next major economic wave in human activity. It has singular importance in providing new strategies for sustainability and environmental health, essential for a stable and ethically responsible emerging global society. An obstacle now looming is the shortage of workplace talent needed to realize these goals. How will the emerging bioeconomy secure the necessary people in light of impending retirements, work age gaps, and lack of youth interest in science, technology, engineering and mathematics (STEM)? Any resolution will require innovation because conventional approaches will not meet the global needs. To meet this need, we can develop informal education platforms that represent powerful and innovative modes of creating talent. Such an initiative will require the cooperation of academia, industry and government. A diverse workforce is needed to maximize relevance and efficiency and to ensure that the leaders of the workforce represent the global society.
Cultivating a STEM workforce
The bioeconomy includes a paradigm shift from a petroleum-based economy to one based on renewable natural resources such as water, solar, wind, and biomass. It is the next wave in the evolution of the economy according to Kondratieff 's hypothesized 'waves' in world economic cycles 1 . Estimated economic gains are as much as 2.7% of the GDP in Organization for Economic Co-operation and Development (OECD) countries by 2030, which would be more than a $0.5 trillion gain for the United States 2 . Biomass from forests and agriculture may have the most impact by virtue of its ubiquitous nature, abundance, chemical flexibility and relative ease of processability. Biomass yields petro-analogous chemicals and energy that provide ecofriendly solutions. "Cleantech" 3 is a term used for business sectors that adopt sustainable practices to advance the bioeconomy. However, a looming specter is the shortage in quality and quantity of workforce in the bioeconomy. Statistics show that an aging workforce is expected to create a competence gap in the STEM-trained workforce over the next ten years. This trend can already be seen in traditional bioeconomy-based industries such as the pulp and paper industry 4, 5 . However, the rate of US youth matriculation into STEM disciplines is stagnant and declining, and conventional attempts to increase enrollment in STEM have not been effective.
An innovative and counterintuitive pathway called "informal education" 6 has been evolving. Three distinct modes of learning can be defined: formal, nonformal, and informal. Nonformal learning is structured learning but not on the level of formal learning. Formal learning includes certificates, curriculum, accreditation, etc. Nonformal learning examples include non-credit continuing professional education, conference or seminar type professional learning and community educational programs (e.g., craft, sports). Informal learning involves spontaneous learning through conversation, exploration, experimentation, and engagement of experiences while cultivating communities and relationships. This change in learning is rooted in societal changes from online and virtual communication, content-driven behavior, teamwork, and facilitated conversation 7 . Gaming, after-school programs and cultural forums are used by 'generation Z' and represent examples of generic informal learning platforms. Informal STEM learning includes museums, libraries, nature centers and community-based organizations, which provide learning opportunities for a future workforce. Society should be cognizant of new learning environments for cultivating STEM. Brick-and-mortar schools are no longer sufficient; competition for talent is increasing, and companies encounter difficulty hiring talent to meet global growth and generational changes.
Generation Z children in grades 6 to 8 are critically poised to pursue STEM. The need to recruit marginalized and under-represented rural and minority students makes informal education even more important. Gaming and experimentation at an early learning stage can be at the forefront of efforts to identify and attract STEM talent. The US National Science Foundation has recently launched initiatives for innovative solutions promoting theoretical and practical frameworks for informal education. These initiatives are powerful mechanisms for generating STEM interest and contribute to the present and future bioindustries.
In light of the emerging biomarkets, a number of traditional companies are competing globally for STEM talent 8 . The United States has traditionally attracted bioeconomy investors as a result of decades of research in the biofuel, biomaterial and biochemical industries. The pulp and paper industry, for example, has demonstrated that lignin, a biopolymer obtained from pulping, is no longer just a byproduct for fuel, but can be used in roads, fertilizers, fine chemicals, plastics, polymers and polyurethanes.
Informal learning approaches
Stimulating informal learning and selfmotivated student passion for STEM and the CAREERS AND RECRUITMENT bioeconomy can be accomplished by coordinating a variety of current approaches. Virtual reality offers an unparalleled means of introducing the bioeconomy; for example, a virtual tour could show the engineering processes in a biorefinery. The key is full immersion into the operation and interactions that lead to process changes and the ability to experience operations and best practices. Experimentation and learning in a virtual reality environment predispose youth to mindfulness, precision and rigor leading to competitive STEM skills.
The key ingredients for creating a highly competent STEM workforce are a knowledge base in process, logistics, supply chain and feedstocks from material source to output. This demands adaptable and focused skill sets and capabilities incorporating sustainability, green chemistry and engineering. Joachim von Braun has argued that the bioeconomy is not a new sector, but rather cuts across many existing sectors-it is a cluster of sectors with interlinked value chains 9 .
The workforce is aging while there is continued advancement of new processes and products 3 . The development of informal learning forums provides opportunities for youth through availability and adaptation of museums, libraries, exhibitions, games, and communities of practice. These venues are stages for observation and participation in activities central to the bioeconomy. The participatory quality of these models for vitalizing informal education will stimulate youth toward innovation and sustainability.
Conclusions
Formal education is a conventional approach to mainstream STEM disciplines. The evolving and emerging bioeconomy demands cross-functional and multidisciplinary knowledge. Also needed is fundamental knowledge of the industrial value chain across the feedstock, harvesting and supply chain; manufacturing, logistics and trade of bioproducts; and consumer products and services. The added challenge of capturing under-represented and rural students relies on informal education driving the future workforce for the bioeconomy. In the United States, the informal education as a driver for advancing STEM is increasingly attracting attention from grant agencies, government initiatives, universities and cultural centers 8,9 . Bioindustries are evolving at accelerating rates; educational systems lag in their impact, leaving an undertrained trained youth workforce. The speed of change is too rapid for conventional educational systems during the evolving decision periods of youth. The bioeconomy demands special approaches to attracting youth to STEM disciplines while simultaneously cultivating the multidisciplinary skills needed. Informal education at an early age will ensure the talent pipeline for the economic wave cresting on the shores of our growing biomarkets.
